C ritical limb ischemia (CLI) represents the most advanced manifestation of peripheral artery disease and is categorized as ischemic rest pain, nonhealing ischemic ulceration, or gangrene. Patients with CLI often present with multilevel peripheral artery disease that prevents the arterial supply from meeting the metabolic demands of tissue at rest. Prompt revascularization by endovascular or open surgical procedures is indicated following the diagnosis of CLI diagnosis to preserve the limb and maintain limb function. 1 However, management of CLI remains highly controversial, particularly when selecting an initial revascularization strategy. In an analysis of 7900 CLI patients from the Vascular Quality Initiative, 3-year survival was lower with endovascular versus surgical revascularization strategies (70% versus 78%). 2 In the First-Line Treatments in
Patients With Critical Limb Ischemia (CRITISCH) registry of 1200 CLI patients, there was no difference in 1-year mortality or major amputation between revascularization methods. 3 The randomized BASIL (Bypass versus Angioplasty in Severe Ischaemia of the Leg) study also found no differences in long-term mortality or major amputation when comparing endovascular versus surgical revascularization. 4 Although primary major amputation for CLI is associated with impaired mobility, high cost, high risk of contralateral limb amputation, and poor prognosis, 5, 6 this procedure may be indicated in some patients with cognitive impairment, nonambulatory status, Overall, the optimal treatment for CLI and determinants of long-term results remain controversial, and the total costs of care are unclear to the vascular specialist. The purpose of this study was to report long-term outcomes and costs following initial CLI diagnosis, with comparisons among endovascular revascularization, surgical revascularization, or major amputation as first-line treatment among a contemporaneous cohort of Medicare beneficiaries.
Methods Data Sources
We obtained administrative claims from 2010 to 2015 on all fee-for-service Medicare beneficiaries available from the Centers for Medicare & Medicaid Services. Medicare is the primary payer in nearly 75% of CLI-related hospitalizations 8 ;
thus, data derived from Medicare claims are representative of nation-wide CLI outcomes. Data for the current analysis included claims from Medicare fee-for-service parts A (hospital inpatient) and B (hospital outpatient). Cost analyses additionally utilized a 5% sample from the Carrier file, which contains final action fee-for-service claims deriving mainly from noninstitutional providers, such as physicians, physician assistants, clinical social workers, and nurse practitioners. The data, analytical methods, and study materials will not be made available to other researchers for purposes of reproducing the results. Metro Health Hospital Institutional Review Board (Wyoming, MI) reviewed and approved this research, and the requirement for informed consent was waived.
Patient Population
The patient population included adult Medicare beneficiaries with a first-time CLI diagnosis (incident cases) arising from inor outpatient care at a participating hospital. We identified patients with CLI using Patients were followed through September 30, 2015, which corresponds to the date of the transition from ICD-9-CM to International Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM) codes.
Patient Characteristics
Demographic patient data included age, sex, and race. Comorbidities included hypertension, diabetes mellitus, coronary artery disease, chronic kidney disease, hyperlipidemia, and tobacco use history. Geography was reported by region (South, Midwest, Northeast, West, or Puerto Rico) and population density (urban/rural) of the center initially caring for the patient. Clinical presentation was categorized as ischemic rest pain, ischemic ulcer, or gangrene.
Determination of First Major Treatment
Major treatment for CLI was defined as endovascular revascularization, surgical revascularization, or major (above the ankle) amputation. Utilization of major treatments
Clinical Perspective
What Is New?
• No study has reported long-term outcomes and costs by first major critical limb ischemia treatment with adjustment for patient characteristics.
• Long-term survival and cost are comparable between endovascular and surgical revascularization, with lower major amputation rates following endovascular revascularization.
• Compared with each revascularization approach, primary major amputation is associated with shorter survival time, higher risk of subsequent major amputation, and higher healthcare costs.
What Are the Clinical Implications?
• Considerable efforts are needed to raise disease awareness, implement coding to better define and identify the disease, refine diagnostic algorithms, establish evidence-based treatment pathways, and address the high mortality rates associated with this diagnosis.
following CLI diagnosis was determined with a combination of ICD-9-CM and Current Procedural Terminology (CPT) procedure codes (Table S1 ). The first major treatment was reported as the first endovascular revascularization, surgical revascularization, or major amputation procedure, regardless of subsequent treatments. In patients who underwent multiple first major treatments during the same encounter, the most invasive treatment was used for classification where major amputation was considered most invasive and endovascular revascularization was considered least invasive.
Outcomes
Main clinical outcomes were survival and major amputation through 4 years of follow-up. Healthcare costs were estimated from Medicare reimbursements for hospital inpatient, hospital outpatient, and physician/supplier services. Costs were adjusted to 2016 US dollars using the Medical Care component of the Consumer Price Index. In order to account for mortality rate differences among groups, costs were reported in patients who were alive at the start of each follow-up year regardless of vital status during that year.
Statistical Analysis
Baseline characteristics were reported as mean and SD for continuous variables and counts and percentages for categorical variables. Time to first-event outcomes were analyzed using Kaplan-Meier methods, Cox proportional hazards regression, and the cumulative incidence function in the presence of competing risks. The cumulative event hazard was estimated with the Anderson and Gill extension to the Cox proportional-hazards model for recurrent events. 11 The Hochberg procedure was used to control the family-wise type I error rate at 5% for multiple comparisons.
In each analysis, patients with no events were censored after 4 years' follow-up; thus, the maximum possible followup duration for each patient ranged from 3.75 to 4.0 years, depending on actual diagnosis date. The hazard ratio for survival and freedom from major amputation was estimated in a multivariable model where variable selection used backward elimination. Owing to the large sample size of this study, the model was further reduced using the generalized R 2 statistic to identify the strongest predictors of outcomes. 12 Variables were retained in this reduced multivariable model if R 2 decreased by at least 0.01 when removed.
In order to compare patient outcomes and costs by first major treatment, propensity scores were estimated using multinomial logistic regression, which represented the probability of receiving each major treatment for each patient. The covariates used to estimate propensity scores included all variables specified in the Patient Characteristics section and listed in Table 1 . The trio of propensity scores were used to match like patients using a nearest neighbor approach without replacement, where caliper width was set at 0.09 (0.25 SDs of the propensity score). 13, 14 Costs were adjusted for censoring using partitioned estimator methods. 15 Data were analyzed using SAS (v9.4; SAS Institute, Cary, NC) and Stata Statistical Software (Release 13.1; StataCorp LP, College Station, TX).
Results

Patient Characteristics and Major Treatments
Of approximately 36.5 million Medicare beneficiaries enrolled in 2011, 116 031 received a CLI diagnosis (0.32% prevalence), of which 96 628 had no CLI-related claim over the previous year (0.26% incidence). After excluding 24 429 cases without primary CLI diagnosis (ie, CLI not first-or second-listed diagnosis within claim), 72 199 incident cases of primary CLI were included in this study. Baseline patient characteristics among the entire sample and according to first major treatment are described in Table 1 . Mean patient age was 74AE12 years, 52% were male, and predominant races were white (76%) and black (19%). Hypertension (73%), diabetes mellitus (54%), and coronary artery disease (48%) were the most common comorbidities. Clinical presentation was characterized by rest pain in 29%, ulcer in 45%, and gangrene in 25% of patients. Among patients undergoing primary major amputation, 30% did not receive a diagnosis of gangrene. The percentage of patients with gangrene was 36% for black, 36% for other race, and 22% for white (P<0.001 for white versus black and other races). Primary major amputation was performed more frequently (P<0.001) in patients of black race (10%) versus white (4%) and other races (5%).
A total of 46 795 (65%) patients received a major treatment during follow-up (median, 9 days from CLI diagnosis), where primary procedures were endovascular revascularization (40%), surgical revascularization (20%), or major amputation (6%). Multiple primary major treatments were performed during the same encounter in 2670 patients, most commonly endovascular and surgical revascularization (2541 patients). Subsequent major treatments were relatively common in patients first treated with endovascular (50% of patients) or surgical (44% of patients) revascularization, but not major amputation (21% of patients). The cumulative number of subsequent major treatments received during follow-up was 1.4 per patient with primary endovascular revascularization, 1.2 per patient with surgical revascularization, and 0.5 for major amputation. Throughout the follow-up period, 33% of patients underwent a single revascularization procedure, 27% underwent multiple revascularizations, 9% received a single major amputation, and 1% received multiple major amputations. Among patients who underwent major amputation at any time in follow-up, 51% did not undergo previous revascularization, 25% underwent 1 previous revascularization procedure, and 24% underwent multiple previous revascularization procedures. Among patients not receiving a major treatment, 45% were alive throughout the follow-up period and 55% died during follow-up.
Clinical Outcomes
Over 4 years follow-up, survival was 46% (median survival, 3.5 years) and freedom from major amputation was 87% ( Figures S1 and S2) . In multivariate models of the association of baseline variables on risk of mortality and major (24) 2637 (24) 7177 (26) 3390 (24) 703 (18) 3093 (23) Northeast 13 802 (20) 2427 (22) 4756 (17) 3037 (22) 653 (17) 2929 (22) West 9204 (13) 1356 (13) 3795 (14) 1916 (14) 365 (9) 1772 (13) Puerto amputation, statistically significant associations were observed with mortality among all 13 baseline variables and with major amputation among 9 of 13 baseline variables. In a reduced multivariate model, older age (hazard ratio, 5.1 for age ≥90 versus <50 years), greater clinical presentation severity (hazard ratio, 2.4 for gangrene, 1.6 for ulcer versus rest pain), and chronic kidney disease (hazard ratio, 1.8) had the strongest associations with mortality risk. Greater clinical presentation severity (hazard ratio, 5.6 for gangrene, 1.4 for ulcer versus rest pain) was the only significant predictor of major amputation in the reduced model; patient race was not a significant explanatory variable in the final model (Table 2) . Patient survival and freedom from major amputation through 4 years were lower in patients with gangrene (Figures 1 and 2 ). Among patients who underwent a major treatment, 4-year survival was 45% for endovascular revascularization, 51% for surgical revascularization, and 21% for major amputation (all pair-wise comparisons statistically significant at P<0.001; Figure S3 ). Patients undergoing primary major amputation had the worst prognosis across each clinical presentation category, with 4-year survival of 34% in those with rest pain, 22% in those with ulcer, and 20% in those with gangrene ( Figure S4 ). Major amputation rates in follow-up were 3.9% for endovascular revascularization, 6.0% for surgical revascularization, and 11.0% for primary major amputation (P<0.001 for each revascularization procedure versus major amputation). Comparing patients of black, other, and white races, black patients had the highest major amputation rates in each clinical presentation category. Corresponding major amputation rates were 10.3%, 6.0%, and 5.4% in patients presenting with rest pain, 15.5%, 9.5%, and 8.9% in patients presenting with ulcer, and 35.5%, 22.6%, and 24.8% in patients presenting with gangrene (P<0.001 for black versus each race among each clinical presentation category).
Healthcare Costs
Complete cost data were available in 70 160 (97%) patients in which Medicare was the primary payer. During the 12 months Journal of the American Heart Association before CLI diagnosis, average cost was $25 100 per patient. Average cost per patient over the follow-up period was $93 800, of which 62% was attributable to hospital inpatient costs, 20% to hospital outpatient costs, and 18% to physician/supplier costs. Average per-patient costs during follow-up based on initial clinical presentation were $78 300 for rest pain, $91 200 for ulcer, and $116 400 for gangrene (all pair-wise comparisons statistically significant at P<0.001).
When adjusting for follow-up duration, cost per patient-year after CLI diagnosis was $35 700. Among the entire sample, total healthcare costs were $6.5 billion over the study period.
Propensity-Matched Comparison of Primary Endovascular Revascularization, Surgical Revascularization, and Major Amputation
After propensity-score matching, 9942 patients were available for comparison of primary endovascular revascularization, surgical revascularization, or major amputation (3314 per group). Propensity-score matching resulted in comparable baseline characteristics among these groups. The propensitymatched sample presented with greater clinical presentation severity than in the unmatched sample (66% versus 25% with gangrene; Table S2 ), which was attributable to the overlap in propensity score distribution among the 3 groups that allowed a 1:1:1 match in most patients treated with primary major amputation. The 4-year survival estimates were 38% with endovascular revascularization (median survival, 2.7 years), 40% with surgical revascularization (median survival, 2.9 years), and 23% with major amputation (median survival, 1.3 years). Survival was higher when comparing each revascularization approach to major amputation (P<0.001), but was not different comparing endovascular to surgical revascularization. The higher relative mortality risk associated with major amputation versus revascularization was mainly observed in the first 6 months, after which the mortality rate was comparable (Figure 3 ). Patients undergoing primary major amputation had the worst prognosis, regardless of clinical presentation severity, with 4-year survival estimates of 34% in those with rest pain, 21% in those with ulcer, and 22% in those with gangrene ( Figure 4 ). Major amputation rates in follow-up were 6.5% for endovascular revascularization, 9.6% for surgical revascularization, and 10.6% for primary major amputation (P<0.001 for all pair-wise comparisons). Complete cost data in which Medicare was primary payer were available in 9219 (93%) of matched patients. During the 12 months before CLI diagnosis, the average cost was $27 500 in patients ultimately treated with endovascular revascularization, $26 100 in those treated with surgical revascularization, and $38 300 in those treated with major amputation (P<0.001 comparing each revascularization approach to major amputation). Average cost per patient over the follow-up period was $117 800, of which 68% was attributable to hospital inpatient costs, 14% to hospital outpatient costs, and 17% to physician/supplier costs. Average cost per patient over the follow-up period according to initial major treatment was $121 900 for endovascular revascularization, $122 700 for surgical revascularization, and $107 500 for major amputation (P<0.001 comparing each revascularization approach with major amputation). The lower cost associated with major amputation was attributed to lower survival rates. When adjusting for follow-up duration, cost per patient-year was $49 700 for endovascular revascularization, $49 200 for surgical revascularization, and $55 700 for major amputation (P<0.001 comparing each revascularization approach to major amputation).
Discussion
Results of this claims analysis of the US Medicare population highlight the considerable clinical burden and high cost in patients following an initial diagnosis with CLI. Long-term survival and cost are comparable between revascularization techniques, with lower major amputation rates following endovascular revascularization. Primary major amputation portends a poor prognosis even when adjusting for demographics, medical history, and disease severity. Compared with revascularization, primary major amputation is associated with shorter survival time, increased risk of second major amputation, and higher healthcare costs. These results were generally consistent regardless of patient characteristics and clinical presentation.
This study showed that among incident cases of CLI, 29% will die or undergo major amputation in the first year. Furthermore, the typical patient will endure multiple revascularization procedures over a median survival of only 3.5 years. For comparison, the estimated additional life expectancy among age-and sex-matched adults is 13.4 years. 16 Survival following CLI diagnosis is lower than that of heart failure, 17 stroke, 18 and most cancers. 19 Given that CLI is underdiagnosed, increasing in prevalence, and responsible for significant risk to life and limb, considerable efforts are needed to raise disease awareness, refine diagnostic algorithms, and establish evidence-based treatment pathways.
Assuming an annual CLI incidence of 0.26%, 49.2 million adults aged ≥65 years in the United States in 2016, and estimated 4-year costs of $93 800, this yields %$12 billion in annual costs attributable to incident cases of CLI. Consensus recommendations cite revascularization as the optimal treatment for patients with CLI 20 given the poor prognosis 21 and functional impairment 22 following major amputation. Allie et al 23 reported that 51% of CLI patients had no diagnostic vascular evaluation preceding primary amputation. Goodney et al 10 reported that 54% of patients with CLI had no vascular procedures in the year before undergoing amputation. In the current study, 51% of patients undergoing primary major amputation received no previous revascularization. These data highlight the heterogenous approach to CLI management and suggest that many patients may not undergo adequate diagnostic evaluation with imaging at initial presentation, potentially leading to unnecessary amputations and associated morbidity. On balance, primary major amputation may be appropriate in select patients, such as nonambulatory nursing home residents, where there is little chance of improved function or survival with revascularization. 7 We noted important racial differences in major amputation rates in this study. Frequency of primary major amputation and subsequent major amputations was disproportionately higher in patients of black race versus white and other races that were not fully explained by differences in patient characteristics. Additional study is warranted to elucidate the factors that result in the striking racial disparities observed in clinical presentation and CLI management strategies. Because most patients with CLI are elderly with multiple comorbidities, endovascular techniques have been adopted with increasing frequency. 24 Although primary revascularization was superior to major amputation in every scenario in this study, whether an endovascular first strategy in CLI management improves long-term patient outcomes remains unclear. In the current study, long-term survival was comparable between revascularization approaches whereas major amputation risk was lower with endovascular revascularization. A large ongoing National Institutes of Health-sponsored multicenter, randomized controlled trial of endovascular versus surgical therapy in 2100 CLI patients was designed to address this question with greater rigor. 25 Regardless of revascularization approach, an interdisciplinary care team skilled in wound healing, foot surgery, medical evaluation, and medical care should assist with patient care given the systemic involvement of the disease process. 20, 26 Effective October 1, 2015, ICD-10-CM replaced ICD-9-CM for coding purposes in the United States. The new coding system offers greater detail and specificity for the purposes of diagnosing patients afflicted with CLI. The ICD-10-CM offers dozens of codes describing laterality, location of wounds, and disease burden. This CLI patient analysis would be more intensive using ICD-10-CM methodology and would lend itself to subset analyses at a greater investment of time and labor. This raises the question of whether this specific disease would be best served by the assignment of a Medicare Severity Diagnosis Related Group (MS-DRG) code to facilitate the monitoring of this population moving forward. Such a code would allow for hospitals as well as public and private payers to prospectively track the incidence and burden of this population and make strategic investments to offset the effects of this disease.
Strengths of this research include long-term follow-up in a nation-wide sample of patients initially diagnosed with CLI and managed under real-world conditions. Furthermore, the comparison of 3 primary CLI treatment strategies in unmatched and matched samples is novel. There were also several limitations of this study inherent to administrative claims analysis that warrant further discussion. First, as a retrospective evaluation of claims records, potential exists for misclassification of important demographic, medical history, diagnostic, or procedural data. Second, CLI diagnosis in this study required a primary ICD-9-CM code of 440.22, 440.23, or 440.24. Other codes such as 707.14 (ulcer of heel and midfoot) or 785.4 (gangrene), with or without associated procedure codes, could have justifiably been used. However, the addition of procedure codes has been shown to reduce sensitivity and overall agreement when applied to wellqualified CLI patients. 27 Because there are no universally accepted ICD-9-CM codes to identify CLI and that the focus of this study was not to determine CLI incidence, but to characterize clinical outcome following diagnosis, a focused list of ICD-9-CM codes for CLI diagnosis was used to limit bias introduced by inclusion of cases with unrelated conditions. Third, we were unable to control for laterality where repeat procedures may have been performed on the contralateral leg. Fourth, the rationale for treatment decisions cannot be determined from this research. For example, although primary major amputation was performed in 6% of patients, whether amputation was performed because of standard institutional practice, extensive gangrene, inability to ambulate, or otherwise is unknown. Finally, despite the use of propensity-score matching to adjust for selection bias among major treatments, the possibility that unmeasured patient characteristics were different among treatment groups and may have influenced outcomes cannot be discounted. For example, in the propensity-matched sample, characteristics of patients initially treated with major amputation were comparable to those treated with revascularization; yet, healthcare costs in the year before CLI diagnosis were higher in those with major amputation as primary treatment. This suggests that patients initially managed with major amputation may have presented with greater unmeasured comorbidity that negatively influenced subsequent clinical outcomes. Finally, owing to the greater clinical severity in patients treated with primary major amputation, the propensity-matched sample presented with gangrene more frequently than in unmatched cases. Still, the observation that primary major amputation resulted in the lowest survival rates in patients with rest pain, ulcer, and gangrene demonstrates the utility of the propensity-matched results.
Conclusions
Patients initially diagnosed with CLI suffer poor long-term prognosis and generate high healthcare costs. Long-term survival and cost are comparable between revascularization techniques, with lower major amputation rates following endovascular revascularization. Compared with each revascularization approach, primary major amputation is associated with shorter survival time, higher risk of subsequent major amputation, and higher healthcare costs. Results from this observational research may be susceptible to bias attributable to the influence of unmeasured confounders. Considerable efforts are needed to raise disease awareness, implement coding to better define and identify the disease, refine diagnostic algorithms, establish evidence-based treatment pathways, and address the high mortality rates associated with this diagnosis.
